Charged residues on a flap-loop structure of Lactococcus lactis prolidase play critical roles in allosteric behavior and substrate inhibition.
Allosteric behavior and substrate inhibition are unique characteristics of Lactococcus lactis prolidase. We hypothesized that charged residues (Asp36, His38, Glu39, and Arg40), present on one loop essential for catalysis, interact with residues in or near the active site to impart these unique characteristics. Asp36 has a predominant role in the allosteric behavior, as demonstrated through the non-allosteric behavior of the D36S mutant enzyme. In contrast, a double mutant (D36E/R293K) maintained the allostery, indicating that this aspartic acid residue interacts with Arg293, previously shown to be critical in the allostery. Substitution of His38 drastically reduced the substrate inhibition, and substrate specificity of the mutant at Asp36 or His38 showed the influence of these residues to the substrate specificity. These findings confirm the importance of the loop in the enzymatic reaction mechanism and suggest the existence of conformational changes of the loop structure between open and closed states. A variety of mutations at Glu39 and Arg40 showed that these residues influence roles of the loop in the enzyme reaction. On the basis of these results and combined with observations of molecular models of this prolidase, we concluded that Asp36 and His38 interact with the residues in the active site to generate an allosteric subsite and a pseudo-S(1)' site, which are responsible for the allosteric behavior and substrate inhibition.